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Abstract 

We consider Poincare gravity coupled in a nonminimal way to 
spinors. The gravitational action is considered that contains both 
Palatini and Hoist terms. Due to torsion the effective four - fermion 
interactions appear that may lead to the left - right asymmetry and 
the condensation of fermions. When the mass parameter entering 
the mentioned terms of the gravitational action is at a Tev scale the 
given construction may provide the dynamical Electroweak symmetry 
breaking. This is achieved via an arrangement of all Standard Model 
fermions in the left - handed Dirac spinors while the right - handed 
spinors are reserved for the technifermions. Due to the gravitational 
action the technifermions are condensed and, therefore, cause the ap- 
pearance of gauge boson masses. 

1 Introduction 

Hoist action [H [21 |3l SI [5] breaks parity. Therefore, when Poincare gravity 
that contains Hoist term in the action is coupled to fermions, it may provide 
the appearance of parity breaking four - fermion interactions [HI [TJ [H [9]. 
The four - fermion interactions induced by Hoist action were considered in 
[10l[TTl[T2] as a source of fermion condensation used, mainly, in a cosmological 
background. In our previous paper [13] we have suggested that nonminimal 
coupling of fermion fields to torsion [Tl] may provide condensation of the 
additional fermions (called technifermions in an analogy with Technicolor 
theory (TC) [T5l [T6l [T7] ) and provide Dynamical Electroweak Symmetry 
Breaking (DEWSB) if torsion mass parameter is at a Tev scale. 

Namely, we arrange all SM fermions in the left - handed components of 
the Dirac spinors while the additional fermions (called technifermions) are 
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arranged in right - handed components of the spinors. If the parity breaking 
is admitted in the torsion action, under natural assumptions this action has 
the form that leads to appearance of the asymmetry between the left-handed 
and the right-handed fermions. Due to this asymmetry the four fermion 
interactions provide condensation of the technifermions while do not affect 
qualitatively the dynamics of the SM particles. As a result the Electroweak 
symmetry is broken. 

In the suggested approach the problems specific for TC, Extended Tech- 
nicolor (ETC) [l8l[T9l[20l[ail22ll23l|2ll|25l[26], and Bosonic Technicolor 
[271 128| 129] are avoided. However, the suggested approach contains its own 
difficulties. First, the source of the parity violating action for torsion was 
not suggested. Second, the effective theory that contains four - fermion in- 
teractions is to be treated in a way similar to the effective Nambu - Jona - 
Lasinio model (NJL) of chiral symmetry breaking [30] in TC. Namely, the 
NJL model is a nonrenormalizable finite cutoff theory. And physical results 
depend on the value of the cutoff A^ that becomes an additional physical 
parameter. 

In the present paper we suggest a possible origin of the parity violating 
action. Namely, in Poincare gravity the torsion field is to manifest itself 
through the curvature of Riemann - Cartan space. There are only two possi- 
ble terms constructed of curvature that contain squared torsion. These two 
terms are Palatini and Hoist terms. We consider both these terms. In ad- 
dition we consider the nonminimal coupling of spinors to gravity that itself 
admits parity violation. We consider several limiting cases and derive the 
conditions under which the resulting four - fermion interactions are repulsive 
for SM fermions and attractive for the technifermions (or the induced interac- 
tions for SM fermions are negligible compared to that of the technifermions) . 
In all these cases the theory admits condensation of technifermions while SM 
fermions remain massless. That's why we partially resolve the first difficulty 
mentioned above. As for the second difficulty, we cannot resolve it at the 
present moment and consider it as a subject of future investigations. 

The paper is organized as follows. In the 2-nd section we consider fermion 
fields in Riemann-Cartan space. In the 3-rd section we consider Hoist action 
and derive the four - fermion interactions that appear after integration over 
torsion. In the 4-th section we consider several limiting cases and point 
out the regions in space of couplings, where right-handed fermions may be 
condensed while left - handed fermions remain massless. In the 5-th section 
we introduce two kinds of spinors nonminimally coupled to gravity. The left 
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- handed components of these spinors are used to arrange both left - handed 
and right - handed SM fermions while the right - handed components of 
these spinors are used to arrange technifermions. We demonstrate how the 
resulting four - fermion action can be written in terms of 4 - component SM 
fermions and technifermions. In the 6-th section we apply NJL technique 
to the four - fermion interactions of technifermions and describe how chiral 
symmetry breaking occurs. In section 7 we introduce mass term for original 
spinors that contain SM fermions as their left - handed components. We 
then derive the mass term for the SM fermions. In section 8 we end with the 
conclusions. 

2 Fermions in Riemann-Cartan space 

We consider the action of a massless Dirac spinor in Riemann - Cartan space 
in the form [9]: 

Sf = '-JE{^|Jr{C-^xl')D,^|J-[D,^lJ]{C-^xl')Y^}d'x (1) 

Here ( = r] + i9 and x = P + are the coupling constants, E = detE'^, 
E'^ is the inverse vierbein, = Ej^j"", the covariant derivative is = d^-\- 
\{uf + C1^)l[a'lb\] l[alb\ = |(7a7f) " 7fe7a)- The torsion free spin connection 
is denoted by while is the contorsion tensor. They are related to i?^, 
Affine connection F*;,, and torsion T^^ = T^^^E'^ as follows: 

v.i?; = d,E;-T';^E; + coiX + CMX = ^ 

D[uE^-^ = d[,yE'^^ + ul^^El^ = 

rna T-> 7-ia a rpa , a rpb , /^a rpb /^a rpb (r)\ 

J-.fiu - J~^[yE^] - 0[uE^] + uj,bluEf,] + ^.bluE^] - ^.bluE^] [^) 
This results in: 



r'' = 




np — 

'-'.fj.u — 


}l(TP _ T-P _|_ T--P\ 






^abfi = 


'^ifiabc Ccab ~l~ Cbca)E^ 
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Cabu — 2^Tabc — Tcab + Tf,ca)E^ (3) 

Here Cabc = VadE^E^^d^^Ef^y, Tate = VadE^ E^^T^^,; g^, = E^E^Vai,; T^, -T^^ = 
T^j^; indices are lowered and lifted via g and E as usual. 
([T]) can be rewritten as follows: 

Sf = E{^^pr{C-^Xl')D,iJ-^[D,m-^Xl')ri^ 

+|C^a.c^[{7 V,7'}(^ + ^7') - ^[7 V,7l(^ - P^'Mjd'x (4) 
Here D is the covariant derivative of general relativity. Next, we obtain: 

Sf = \j E{ii,r{C-^Xl'')D,i^-i[DMC-^Xl')r^ 

-\Cabc^\-1e''''"'l''ld{r] + T^') + 4r7^['^7'k^ - Pl'^md^x (5) 
Now let us introduce the irreducible components of torsion: 

ni ^jklirji 
b = Ijkl 

T- = T^- ■ 

Tijk = -^{Tj-rjik — T^rjij) — -^ijkiS + Qijk (6) 
In terms of S and T f l26|) can be rewritten as: 

Sf = ^1 E{ti,riC-^Xl')D,i'-t[D,i,]iC~tXl')ri^ 

+ Ub'7d{vS'' - ^pT") - {rS' + AeT')^,],lj}d'x (7) 



3 Hoist action and Dirac fermions 

Let us consider the Hoist action: 

//If ^ r 
EEXGtd'x --^J EEHErCfj^'x (8) 



Here = [D^, Dj\ is the 5*0(3, 1) curvature of Riemann-Cartan space 
while = ^e^^^G^'^ is its dual tensor. In the absence of torsion the second 



term is the integral of a total derivative and, therefore, disappears from 
classical consideration. However, in presence of torsion, it gives nontrivial 
part to the fermion interactions as will be seen later. 

Now let us represent Hoist action in terms of torsion and Riemannian 
curvature [8]: 

St = M^ f E{-R+lT^-^S^ + ^TS}d^x + S (9) 
J o z4 07 

Here R is Riemannian scalar curvature, S contains the terms that depend on 
q and the so-called Nieh - Yan invariant. 

Let us now suppose for a moment that there are no other terms that 
depend on torsion in the gravitational action. Then integration over torsion 
degrees of freedom can be performed for the system that consists of the Dirac 
fermion coupled to gravity. The result of this integration is: 



fE{V'[9'-T^ + —]+A^[p' 
J 'y 



(1+72)32M^J ' ^ 7 ' , ^ J 

+ 2AV[ep + T7] + ^^^^]}d'x + Seff[E] (10) 
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Here we have defined: 

A^, = ^7'7/.^ (11) 

Seff is the effective action that depends on metric field only. It comes from 
the functional determinant after the integration over torsion is performed. 
If terms that contain derivatives of torsion are absent, Seff is reduced to 
the renormalization of the cosmological constant. For this reason we omit it 
below. The four fermion term of (1141) differs from that of obtained in [9] by 
the overall sign and the sign of the immirzi parameter 7 due to the difference 
in the definition of action ([8]). 

Now let us introduce the right-handed and the left-handed currents: 

Jt^ = (12) 
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Here is the right - handed component of ip while ip^ is the left - handed 
component. In the further consideration we consider the case E'^ = S'^, and 
= 0. We also rescale left - handed and right - handed components of ip: 

ilj. -> -j^^- ; V'+ ^ (13) 



Now flTUl) can be rewritten as follows 
1 
2 



(r] + r)2 (?7 + r)7 



+2J,J_|l + ^H-^^-^^l}A (14) 

— r"^ (?7 — r)7 (77 + rj7 

The next step would be to consider the fermions coupled to Poincare 
gravity with higher derivative action for the gravitational fields. It is well - 
known that such a theory could be renormalizable in the presence of terms 
quadratic in curvature [521 E3]- The models of this kind, however, suffer 
from the so-called unitarity problem. Moreover, the possibility to obtain 
Newtonian limit is questionable. Nevertheless, below we suppose that a 
self-consistent Poincare gravity theory exists, probably, with the elements 
involved that are not known at present. Our main supposition here is that 
Poincare gravity has two different scales. The first one (around Plamk mass 
rrip) is related to Riemannian geometry and produces Einstein - Hilbert action 
in the low energy approximation. The second scale is related to dynamical 
torsion theory. The effective charge entering the term of the action with the 
derivative of torsion depends on the ratio e/A^, where e is the energy scale 
of the considered physical process. As it will be explained further we expect 
that A^ is at most one order of magnitude larger than 1 Tev. In addition 
we also have the mass parameter of ([H]) that is supposed to be at a Tev 
scale. 

At the scale A^ in addition to ([8]) the torsional part of the whole grav- 
itational action contains terms that depend on the derivatives of T and S. 
This means, in particular, that the following terms may enter the action: 

St = PiJ EG'''''''Gabcdd*x + /32 J EG'''''''G,dabd^x 
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+/33 J EC^Gabd^x + EG^^Gbad^x 

+(3, J EG^d^x + f3ej EA^^'^A^bcdd^x (15) 

with coupling constants /3i,2,3,4,5,6. Here G^'""^ = E^^E^Gf^, G^" = G^^^^ 

Cr = G'^, Aabcd = liGabcd + Gacdb + Gadbc + Gbcad + Gbdca + Gcdab)- Actually, 

action f lTSj) is the most general quadratic in curvature action that does not 
contain Parity breaking. 

Then the integration over torsion leads to f[T^ in the low energy limit 
e << Ajj,. That's why the obtained theory with the four - fermion action is 
only the effective low energy approximation that works at the energies much 
less than the scale A-^ of Poincare gravity. 

4 Limiting cases 

In this section we consider different limiting cases of (fT4|) . Our aim is to find 
out the possibility that there exist attractive interactions between the right 
- handed fermions while the interaction between the left-handed fermions 
is either repulsive or is negligible compared to that of the right -handed 
fermions. We also need the interaction between the right-handed and the 
left-handed fermions is negligible. All this is needed in order to provide the 
condensation of right-handed fermions used in the next sections in order to 
provide DEWSB. 

4.1 Einstein - Cartan gravity 

This case corresponds to infinite immirzi parameter 7. We have: 

Sf = ]^f{ii^i^d^i,~i[d,^p]^^^}d^x 



{d-p)\ 



J{Jl[-l + 



iv + r) 



J2 _ 2 

+2J+J_[1+ , (16) 
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In order for the cross term to vanish we need l+ ^2l^2 = that is |C| = |x| . 
We find repulsive interactions between J_ and attractive interactions between 
J_i_ at 

ICI = Ixl 

|ReC + Imx| < |ImC-Rex| 

|ReC-Imx|>|ImC + Rex| (17) 
Interactions between J_ disappear if |ReC + Inix| = |IniC — Rex|. 



4.2 Hoist term in the action 

Let us consider the situation, when Palatini action is absent and only the 
Hoist term is present. We have: 



+2J^J_[l±l- - l^]}d'x (18) 



In order for the cross term to vanish we need 



where a is the new coupling constant. 
Then we have: 



3a 



16M 



/ { J! - Jljd^x (20) 



We find repulsive interactions between J_ and attractive interactions be- 
tween J_|_ at 

,1±£. ,1^ a>0 (21) 
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4.3 General case 



In general case in order to have attractive interactions between technifermions 
and repulsive interactions between SM fermions we need: 



{_l+(^ + !(^}.„_>0 (22) 



(1 + 72)2' (r/ + r)2 (r/ + r)7 
In order to exclude the cross term J+ J_ we need 

{l + -r^ + 7 ^ - -—^}\ = \a+.\ « a+ (23) 



(1 + 7^)2 — r2 (r] — r)7 (r^ + r)7 

Now let us consider the following region of couplings: 

\r] - r| << 1 

|?7 + r| ~ — p| ~ 1^^ + p| ~ 1 

7 ~ 1 (24) 

In this domain we can neglect the terms with J2 and J_J+, and the action 
receives the form: 

f^^")^ fjlA (25) 
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(l + 72)32M|(r/-r)^ 

This is a repulsive interaction between the right-handed fermions. In 
order to obtain attractive interactions one may change the overall sign in (|8]). 
Formally this is equivalent to the change Mt — )• iM^- It is worth mentioning 
that this situation corresponds to the sign of Palatini action opposite to the 
conventional one. 



4.4 Discussion 

If action (|8]) is present with finite 7, while the fermion action contains nonzero 
bare constants ( and x, all of the effective coupling constants 9, r], p, t receive 
contributions from loop corrections due to the dynamical torsion. Of course, 
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this may destroy the conditions ( TT7|) . ( IT^ . (12^ . ( 12^ and a kind of fine tuning 
is necessary to keep the precise (or, almost precise) requirement (1251) . 

A particulary interesting case is when the Palatini action and the bare 
coupling X ci-re absent. So, we have the only dimensionless coupling a = 
a+ = a- = The necessary condition to be imposed on the terms of the 
action that depend on the derivatives of torsion is that they do not produce 
the Palatini action in the low energy limit. This condition can be fulfilled, in 
particular, if the given terms are conformal invariant. It is worth mentioning 
here that the usual conformal gravity at a first look contradicts with the 
Newtonian limit. However, this difficulty may be overcomed, in principle 
(see, for example, [31] )• As for the effective coupling x, it may appear due to 
loop corrections because the torsional action breaks Parity. So, if this limiting 
case is chosen it is necessary to consider renormalization group trajectories 
for X ill order to find out the domain of the theory, where effective coupling 
x(e) vanishes. Then we are left with the only requirement a > 0. 



5 Composite Dirac fields 

Below we assume that due to the gravitational action at the considered en- 
ergies the translational connection Ef, is close to 6°; while usual Christoffel 
symbols vanish. Let us consider two Dirac spinors ip and (j) coupled to gravity. 
Then we consider the fermion action of the form: 

+ 1 J {^0^7^(C - ^X7')^.0' - ^[D,r]{C - ^Xl'hy'}d'x (26) 

Here 6'^ = 27^ if] = ( ft* I • Below we use the following 

V <P- J 

/ Q \ 

representation of 7 matrices: 7^^ = ( g 1, where = cr° = 1; cr* = 

According to the previous sections integration over torsion after suitable 
rescaling of fermion fields leads to 



-a' {i = 1, 2, 3); 7^ = -^07^7273 
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Now let us compose new spinors V't = ^ ^ ^^'^ "^^^ ~ 0~ ^ ' 
Then we come to the following expression for the effective action: 

3q; 

16M| 

As in the previous section we assume a_, a+ > 0. Then the four-fermion 
interaction for the field ipt is attractive while the interaction terms for ip^ 
are repulsive. This opens a possibility that ijjt is condensed while ijjg is not 
condensed. 



+ / {^^PtY^,^|Jt + ^r^{^tYl%){^t%7%)}d'x (28) 



6 Electroweak symmetry breaking 

Let us arrange all left - handed fermions and right - handed fermions of the 
Standard Model in the left - handed parts of Dirac spinors. Correspondingly, 
the additional fields are arranged within the right-handed parts of the given 
spinors. We call the mentioned additional fermion fields technifermions. The 
effective low energy action has the form: 

Sf = J {^i^:rD,rs - ^^{rsfi'rsmi^i'^l)}d'x 
+ / {irti'D.rt + ^(^* y7'^n(^*S7'^*')}rf'a; (29) 

Here indices a, h enumerate the mentioned Dirac spinors while the derivative 
D contains all Standard Model gauge fields. Let us apply Fierz transforma- 
tion to the four fermion term of fl29p : 
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3aj 



16M^ 

+ [(^J:l7.<l)(^U7V^:l) + {L R)]}d'x 



3q;_ 
~16M| 

+ [(<,l7.<l)(^s,l7V:,l) + R)]}d'x (30) 

In this form the action has the form similar to the extended NJL model for 
Tpt (see Eq. (4), Eq. (5), Eq. (6) of [30]) (with negative Gy, though). In 
addition we have the repulsive interactions between ips- In the absence of the 
Standard Model (SM) gauge fields the SU{U)l® SU{M)r symmetry of ^ 
is broken down to SU{M)v (here M is the total number of SM fermions). 
The SM interactions act perturbation. 

For the purpose of the further consideration we denote by Nt = 24 the 
number of technifermions; Gs = "f^^jr^; Gy = —\Gs- Here is the 
cutoff that is now the physical parameter of the model. Its value depends 
on the details of physics that provides the appearance of the four - fermion 
interactions. In our case is to be calculated within the (unknown) Poincare 
gravity theory. We also denote gs = = 



X 



Next, the auxiliary fields H, Lj, and Ri are introduced and the new action 
for ipt has the form: 



^4, = J{-W,LH:,^''R + {h.c.))-^HMd'x 

r - 4 A/f2 

+ J m,Ll'Lt^lL) - ^TrL^L, + (L R)}d'x (31) 



Integrating out fermion fields we arrive at the effective action for the 
mentioned auxiliary fields (and the source currents for fermion bilinears). 
The resulting effective action receives its minimum at H = rritl, where rrit 
plays the role of the technifermion mass (equal for all technifermions). 

We apply the following regularization: 

I y /°°rfre"^^^^+'"^^ (32) 

With this regularization the expression for the condensate of tpt is (after 
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the Wick rotation) : 



< ^jjti^t > ^ Nt —4- ■ = -Ntmt ' 



(27r)4p7 + m J {2tt)^ + m 
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(27r)4 



^* 4m?r(-l, ^) (33) 



167r2 * ^ 'A2 
Here r(n, x) = ^e~^^". The gap equation is: 

m = -5^5 < V'tV't > (34) 

That is 

2 2 2 

777 777 777 

m, = G,m,{exp(-^) - ^r(0, ^)} (35) 

It does not depend on Gy. Obviously, there exists the critical value of Gs- 

at Gs > 1 the gap equation has the nonzero solution for rrit while for Gs < 
1 it has not. This means that in this approximation the condensation of 
technifermions occurs at 

A. 



For example, at ~ 10 Tcv and ~ 1/100 we may have M^^''"^^' ~ 1 Tev. 
The technipion decay constant Fx in the given approximation is: 

F.-^m'4) (37) 



47r2 ^ ' A2 



Therefore, 



In order to have appropriate values of W and Z - boson masses we need 
Ft 250 Gev. At Mr = M^""^^' wc have = and Ft = 0. When Mt is 
decreased, rrit increases and reaches the value around A^ somewhere at Mt = 
j^^criticaY2. At this point Ft ~ ^^5^. As A^ > 1 Tcv wc need ^"^^iTf^f^ « 

[■^criticall2_ 

1. Usual naturalness requirement here means that x = f.^criticaii2 ^ ~ 0.1. 
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Smaller values of th is ratio would be considered unnatural. At small x we 
have: Ft ~ \J Nt/2^x ~ 0.25 Tev. Thus naturalness forbids to consider 
extremely large values of (say, of the order of Plank mass). That's why 
we bound ourselves by the values of A^ between 1 Tev and 10 Tev. 

Negative Gy leads to the appearance of the term in the action with 
(pi + Pl), where pf = {^IlI^Il) and = {rR,L7''^R,L) are the den- 
sities of right-handed and left - handed technifermions. This is an attractive 
interaction that qualitatively corresponds to a positive shift of the chemical 
potential p. That's why negative Gy moves chiral symmetry restoration to 
smaller values of p. However, we expect this change at Gy = —\Gs does 
not affect physics at p = although this is to be the subject of an additional 
investigation. 

In the absence of SM interactions the relative orientation of the SM gauge 
group Gw = SU{3)(»SU{2)^U{1) and SU{X)v from SU{X)L(S)SU{Af)R 
SU{N')v is irrelevant. However, when the SM interactions are turned on, 
the effective potential due to exchange by SM gauge bosons depends on this 
relative orientation. Minimum of the potential is achieved in the true vacuum 
state and defines the pattern of the breakdown of Gw This process is known 
as vacuum alignment (see, for example, [311 ES]). The effective potential is 

a=SU{3),SU{2),U{iy,k 

{--) j d'xA^^ix) < 0\T[J^,J^^\0 > 

= -^,{F'A') Y: elTT{ei''ue'^/U^) (39) 

"^^^ a=SUi3),SU{2),U{l);k 

There is no sum over A here. ^^'^ are generators of G]y, A^'^(x) is the gauge 
boson propagator, J^i.ji = {'4^t,L;R^ahli''P\,L;R) are technifermion currents; ma- 
trices A^^ are generators of SU{N). U G SU{N) defines relative orientation 
of SU{J\f)v and Gw F - is the technipion constant. In general case 
may be negative. However, in [M] arguments are given in favor of > 0. 
Namely, it was shown that if the technicolor interactions are renormalizable 
and asymptotic free, then the spectral function sum rules take place. Then 
under assumption that in the spectral functions correspondent to vector and 
axial vector channels of < 0|T[J^^J^|0 > single intermediate states dom- 
inate, one finds A^ > 0. In our case dynamical torsion plays the role of 
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the technicolor interactions. That's why we need some suppositions about 
the dynamical torsion theory. In particular, if we require that this theory 
is renormalizable and asymptotic free (as it should in order to be self - con- 
sistent) and that two intermediate states dominate in the mentioned above 
correlator, we also have > 0. Under this supposition in a way similar to 
that of [31] we come to the conclusion that Gw is broken in a minimal way. 
This means that the subgroups of Gw are not broken unless they should. 
The form of the condensate requires that SU{2) and U{1) subgroups are 
broken. That's why in a complete analogy with SU{Ntc) Farhi - Susskind 
model Electroweak group in our case is broken correctly while SU (3) group 
remains unbroken. 



7 Mass term 

In this section we consider the possibility to give masses to the SM fermions. 
Namely, let us consider the action with an additional mass term for spinors 
%Ij and 0: 



Sf = l{'-^Par{C-lXl')D,i^a + {c.C.)}d''x 



t - 



+ J qnnC - ^Xl')D,<Pt + {c.c.)}d'x 

- / {Saa'^a-ipa' + ^bb' (f>b4>b')mod'^X (40) 



Here mo is the constant of the dimension of mass while f is the hermitian 
matrix of couplings. Integrating over torsion we obtain: 

Sf = J {^rsrD,^: - ^^{^|J-Yl'rsMl^l'^s)}d'x 

+ J [irt^D^rt + ^(<f 7'<)(v^h7'^,')}c^'x 

(41) 



[ReC]2 - [Imx]^ 



Here we have composed new spinors = ^[Re(] — [Imx] { j 
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Next, we neglect SM gauge fields that are to be considered as perturba- 
tions. We also introduce the auxihary fields as in the ENJL approach: 



r - AM'^ 
+ j {-W,LH:,i^lR + ih.c.)) - -^Tr H+H}d'x 

/ — / yWs,a[ 7, 7 ^ m,a' + [c.C.))d X 

(42) 

Integration over technifermions leads to appearance of the effective po- 
tential for H that has its minimum at H — rritl. So, H — rritl + h, where 
vacuum value of h is zero. Thus we get: 

{ti^:rD,rs - 3^(€7'^7'V:)(fe7'€)}c?'^ + s^fAi, r, h] 



rrin 



[ReC]2 - [Imx]2 



(43) 



where Dfj_ — {d^ — i^-^L^ — i^-^Rn). Here we denote Se/f — 
-iSpLogli-f^'Df, - rritl - h]. 

Now our supposition is that rrit » rriQ. Next, at the energies much 
less than we can omit the four fermion terms for tjjs. We also neglect 
fiuctuations of h, L, and it! around their zero vacuum values and arrive at: 

^'^'^'^'^ - [ReCl^-ilmx]^ ^^^*^"'^^^^'"^ ^^^^ 
As a result the mass term for if^s appears with the mass matrix 
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[R.e(] ^ — [Imx] 2 rrit 

It is worth mentioning that in order to have rUs positive defined we need 
[ReC]^ > [Imx]^ provided that f is also positive defined. When [ReC]^ < 



[Imx]^ we can compose tps as follows: ijjg = w[Re^] + [Imx] ] and 



8 Conclusions 

In this paper we considered fermions coupled in a nonminimal way to 
Poincare gravity. The gravity action contains the Hoist action with the mass 
parameter at a Tev scale. In addition the fermion action itself breaks Parity. 
That's why the left - right asymmetry appears in the effective four - fermion 
interactions. We arrange all SM fermions in the left - handed components of 
the Dirac spinors while the right - handed components are reserved for tech- 
nifermions. Via an appropriate choice of couplings the four - fermion terms 
that contain SM fermions can be made repulsive while the four - fermion 
terms that contain technifermions can be made attractive. We also need 
that the four fermion interaction that contains both SM fermions and tech- 
nifermions is negligible f l23|) . Therefore, the technifermions are condensed 
and cause the appearance of W and Z - boson masses. We need < A^, 



where is the scale, at which the dynamical Poincare gravity theory ap- 
pears. We expect Mt ~ 1 Tev. At the same time the scale A^ is expected 
to be between 1 Tev and 10 Tev. 

An obvious difficulty of our approach is that we need the effective cou- 
pling constants to satisfy condition (1231) . That's why the detailed analysis of 
the renormalization group trajectories is needed in order to investigate the 
necessary domain of the theory. We also need to know what does it mean: 
|q;_i__| << a+. For example, is this sufficient or not to have ~ 0.1 a+, 

may become clear only after the detailed analysis of the NJL model is per- 
formed. Namely, we need to investigate the NJL model that includes ips and 
i/jt with the four fermion term that includes both ipt and ips- 

In order to provide appearance of masses for the SM fermions we add 
the mass term for the Dirac spinors that contain SM fermions as their left- 
handed components. This term is considered as a perturbation over the four 




arrive at = 



'^o f 
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- fermion interactions caused by torsion. As a result the mass term for the 
SM fermions appears. 

There is the important question about the scale of M^, A^, and the 
mass parameter entering fHOj) that gives rise to SM mass matrix. Actually, 
if one assumes that quantum gravity theory (that is the dynamical theory 
of metric) exists at the energies of the order of Planck mass rrip, such mass 
parameters might be generated dynamically and, therefore, receive values at 
a rrip scale. Therefore we must suppose that there exists a mechanism within 
the TUp scale theory that forbids dynamical generation of torsion mass as well 
as mo from ( HOj) . Actually, we may suppose that there is no quantum theory 
of Riemannian geometry at all. Then the dynamical torsion theory may be 
thought of as a gauge theory of Lorentz group that is defined in Minkowsky 
space |36l [37]. This theory may have a scale slightly above 1 TeV. In this 
approach there is no problem with the scale mp at all. In such a scheme 
classical gravity may appear, for example, as an entropic force |38] . 

This work was partly supported by RFBR grants 09-02-00338, 08-02- 
00661, by Grant for leading scientific schools 6260.2010.2. 
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